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Seat Occupant Detection Device 

Introduction 

The present invention relates to a device for sensing occupancy of a seat, 
especially a vehicle seat, e.g. for controlling a secondary restraint system such 
as an airbag. 

Modern vehicles are usually equipped with a plurality of airbags for protecting 
5 the vehicle passengers in case of an accident. In order to minimise the repair 
costs after such an accident, car manufacturers try to limit the deployment of 
the airbags to those, which are necessary with respect to the actual crash 
situation. The crash situation and the occupancy of the different vehicle seats 
have to be considered in order to determine which airbag has to deploy. 

10 In order to detect the seat occupancy of the vehicle seats, especially the 
passenger seat, passenger presence detectors are often integrated into the 
vehicle seat, which comprise several pressure sensitive cells arranged on a 
supporting structure. The pressure sensitive cells usually comprise foil-type 
pressure sensors with two supporting foils, which are sandwiched by means of 

15 a spacer. Two electrode structures are arranged on the supporting foils, which 
are contacted by a pressure sensitive layer if the sensor is activated, so that the 
electrical resistance of the sensor decreases with increasing pressure. 

These passenger detection sensors work very reliably, however their switching 
characteristic is subject to environmental conditions such as ambient air 
20 pressure and humidity. While the individual effect of each of these environ- 
mental factors can easily be eliminated, the individual measures are however 
rather incompatible. It follows that the elimination of the combined effects 
requires a more elaborate and accordingly more expensive solution. 
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Object of the invention 

The object of the present invention is to provide a device for sensing occupancy 
of a seat, the sensitivity of which is to a large extend independent from envi- 
ronment factors. 

General description of the invention 

In order to overcome the above-mentioned problems, the present invention 
5 proposes a device for sensing occupancy of a seat, comprising at least one 
optical fibre means, which extends over at least a part of a seating surface of 
said seat, and detecting means for detecting a loss of optical energy in said 
optical fibre means. The optical fibre means, which extends at least over a part 
of the seating surface of the seat, has a specific form and location when the 

10 seat is not occupied. If a passenger sits down on the seat, the seating surface is 
elastically deformed and this optical fibre means is deformed resp. displaced 
from its original location. By detecting an optical loss in said optical fibre due to 
a deformation or a displacement of the optical fibre means respectively by 
detecting a variation of loss of optical energy due to the deformation or dis- 

15 placement of the fibre means the occupancy of the seat can be reliably de- 
tected. 

Transmission losses of an optical energy through an optical fibre and reflection 
losses of an optical energy inside an optical fibre respectively are totally 
independent from air pressure or ambient humidity. Furthermore the transmis- 
20 sion characteristic of an optical fibre means is influenced neither by changes in 
ambient temperature, nor by electromagnetic interference. It follows that the use 
of a device according to the present invention allows for very reliable detection 
of seat occupancy independently on any environmental conditions, which could 
disturb the seat sensors known in the prior art. 

25 In a first very simple embodiment, the optical fibre means comprises at least 
one optical fibre, which extends at least over a part of said seating surface, so 
that said optical fibre is deformed when said seat is occupied by a passenger. In 
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this case, said detecting means comprises means for detecting a loss of optical 
energy in said fibre due to a deformation, e.g. bending, of said fibre. 

A simple optical fibre has a specific optical transmission characteristic, which 
. can be described by the formula wherein denotes the output 

5 optical power, P i represents the input optical power and k represents the 
attenuation. The attenuation factor is depending of different factors such as 
impurities of glass, chromatic dispersion, imperfect cladding, fibre splicing or 
fibre bending. While the first three mentioned losses depend entirely from fibre 
fabrication, the latter two losses can be used for detecting the occupancy of a 
10 seat 

When a fibre is sufficiently bent, some amount of the light in the core no longer 
meets the cladding at an angle equal to or greater then the critical angle. 
Therefore, total internal reflection (TIR) does not occur, and a part of the initial 
light beam leaves the core. The amount of energy lost due to fibre bending may 
15 be measured at the end of the fibre. Bending may be caused for example by 
applied weight on fibre. 

Thus, an optical fibre, which shows a predetermined attenuation characteristic 
when the seat is not occupied, will change its attenuation coefficient k t if a 
passenger sits down on the seat. By detecting a variation of the loss of optical 
20 energy in the fibre, one can consequently conclude to a change in the occu- 
pancy of the seat 

It should be clear, that occupancy of the seat is detected by a change in the 
transmission characteristic of the optical fibre between the initial state, when the 
seat is not occupied, and the deformed state, when the seat is occupied. Thus 

25 the detecting method is based on a comparison of two relative values and a 
precise determination of the actual attenuation coefficient is not necessary. It 
has to be noted that the optical fibre may be bend already in its initial state. It 
can e.g. extend in several meanderings over the seating surface. While the 
meanderings imply bending of the fibre substantially in a plane of the seating 

30 surface, occupancy of the seat causes additional bending of the fibre mostly in 
a vertical direction. The additional loss of optical energy due to this "vertical" 
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bending can be detected by detecting means and is indicative of an occupied 
state of the seat. 

It has to be noted, that the detecting means can e.g. comprise light emitting 
means, which are coupled to a first end of the optical fibre, and light detecting 

5 means, which are coupled to a second end of said optical fibre. The light 
emitting means emits light pulses into said optical fibre, which are then trans- 
mitted through said optical fibre towards the light detecting means. A difference 
of optical energy between said emitted light and said received light can be 
calculated and compared to the predetermined loss of the fibre in its initial form, 

10 i.e. to the loss in case of a non-occupied seat. If the optical energy of the 
emitted light pulses is constant, it is even sufficient to simply monitor the output 
signal of the light detecting means, a change in the output signal indicating a 
change in the occupancy status of the seat. 

It should be appreciated that the use of several optical fibres, each of which 
15 extends over a specific part of the seating surface, advantageously permits to 

detect occupancy independently for the different parts of the seating surface. 

Furthermore by determining the amount of energy loss due to the "vertical" 

bending in each of the optical fibres, it is possible to record a seating profile, 

which indicates how much each part of the seating surface is deformed by a 
20 passenger. This seating profile can then be used to classify the seat occupancy 

in one of several classes and to control the deployment of a secondary restraint 

system in a mode specific for this class. 

In a more evolved embodiment, said optical fibre comprises at least two optical 
fibre portions, which are assembled in series, and said detecting means 

25 comprises means for detecting a loss of optical energy in each of said optical 
fibre portions. In other words, the optical fibre means comprises a spliced fibre, 
which extends over the seating surface of said seat. In a spliced fibre, losses of 
optical energy are among others caused by reflection of certain amount of 
energy at a boundary surface between two spliced fibre portions. Though small, 

30 this energy is measurable. Together with the bending losses, the reflected part 
of energy can be used to determine the overall energy losses in each of the 



WO 02/14100 



PCT/EP01/09288 



5 

fibre portions of the spliced fibre. This permits not only to detect a change in the 
overall attenuation characteristic of the fibre optic means, but also to locate the 
fibre portions, in which this change has occurred. 

By suitably arranging the two or more fibre portions on the seat surface, this 
5 embodiment of the device for detecting occupancy hence permits not only to 
detect a seat occupancy, but also to locate the parts of the seating surface, 
which are actually occupied. If the amount of attenuation caused by bending is 
determined for each fibre portion, the device for detecting occupancy can even 
be used to record a seating profile. In other words, it will be possible to record 
10 the amount of pressure exerted by a passenger on the different parts of the 
seating surface associated to the different fibre portions. This seating profile or 
weight profile can be used to classify the passenger in one of several weight 
classes and to control a secondary restraint system accordingly. 

It has to be noted that for this embodiment, the detecting means comprises 
15 advantageously light emitting means and light detecting means, which are 
coupled to a first end of the optical fibre. The light emitting means emits light 
pulses into said optical fibre, which are then transmitted through said optical 
fibre, whereby a part of the optical energy is reflected at each splice boundary. 
The reflected energy propagates through the fibre towards the first end and is 
20 detected by the light detecting means. A difference of reflected optical energy 
between the non-bend fibre and the bend fibre can be used to detect occupancy 
of the different fibre portions. It will be appreciated that a further light detecting 
means can be provided at the second end of said fibre for detecting light 
transmitted through said optical fibre means. 

25 The detecting means preferably comprises an optical time domain reflectome- 
ter. An optical time domain reflectometer (OTDR) is an optoelectronic instru- 
ment used to characterise an optical fibre An OTDR injects a series of optical 
pulses into the fibre under test. It also extracts, from the same end of the fibre, 
light that is scattered back and reflected back. The intensity of the return pulses 

30 is measured and integrated as a function of time, and is plotted as a function of 
fibre length. 
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Depending on the pressure (weight) applied on the different fibre portions, there 
will be different bending and therefore different losses. These losses may be 
localised using OTDR based devise, which can measure the losses on different 
sections and splice losses. Though the reflected energy can be as small as one 
5 millionth of the transmitted optical energy, the resolution of OTDR based 
devices is so high that it can detect the splice position and respective losses. 

Accordingly, each section of the fibre represents one active area of a pressure 
sensor. The resolution of this pressure sensor can be increased by increasing 
the number of the different fibre sections. By suitably arranging the different 
10 fibre sections of the optical fibre on the seating surface, a grid-like or matrix-like 
arrangement of the different active areas can easily be achieved, thus providing 
a good lateral resolution of the sensor over the entire seating surface. 

In a further embodiment, said optical fibre means comprises a first optical fibre 
and a second optical fibre, said first and second optical fibre being arranged in 
15 series, so that a first end portion of said first optical fibre and a first end portion 
of said second optical fibre are coaxially aligned in a sensing area of said 
seating surface. The detecting means then comprises means for detecting a 
loss of optical energy in said optical fibre means due to a displacement between 
said end portions of said first and second optical fibre. 

20 In this embodiment, the loss of optical energy due to coaxiality or axial run out 
between two mechanically spliced fibres may be used to build a sensing device. 
In fact, if the seat is not occupied, the contiguous end portions of the first and 
the second fibre are coaxially aligned. This means, that light pulses can pass 
through the boundary between the two fibres with limited loss of energy. If the 

25 sensing area of the seat is deformed by a passenger sitting on the seat, the 
contiguous end portions are displaced with respect to each other, either axially 
or radially, and the energy loss at the boundary will increase. The larger the 
displacement is, the higher is the increase of energy loss in the boundary 
between the two fibres. Thus, the amount of displacement induced energy loss 

30 gives an indication of the amount of displacement between the two fibres and 
accordingly the pressure acting on the sensing area of the seat. 
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It will be noted that the two contiguous end portions of the optical fibres repre- 
sent a single detection device, the sensing range of which is rather limited. In 
order to detect the occupancy in several sensing areas of the seating surface, 
the one skilled in the art will provide several optical fibre means of this type, the 
5 splices of which are arranged in the different areas of the seat. In this case, the 
device for sensing occupancy can serve for recording a seating profile, which 
again can be used for classifying the occupancy. 

Since the displacement due to occupancy of the seat takes place substantially 
in a direction normal to the seating surface, the contiguous end portions of the 
10 two fibres are preferably mounted on a support element fixing the lateral 
position of the two fibre end portions. At least one of said coaxially aligned end 
portions of said first and second optical fibre is mounted on a flexible support, 
so that a relative vertical displacement between the two end portions remains 
possible. 

15 It has to be noted, that in order to reduce the energy loss in the non-occupied 
state of the seat, a contacting agent, like e.g. a contact gel, can be provided 
between the contiguous end portions of the two optical fibres. 

In a variant of the latter embodiment, the first end portion of the first optical fibre 
is placed immediately in front of an entrance window of an optical detector. In 

20 other words, the second optical fibre in this variant is the entrance window. This 
means, that the device for sensing occupancy of a seat comprises at least one 
optical fibre, having a distal end extending towards a sensing area of said 
seating surface of said seat. Said distal end is arranged in front of an entrance 
window of an optical detector. The device furthermore comprises detecting 

25 means for detecting a loss of optical energy transmitted by said optical fibre 
towards said optical detector. The detecting means more specifically detects a 
loss of optical energy due to displacement of said optical fibre with respect to 
the optical window of said detector. It has to be noted that at least one of said 
distal end of said fibre means or said optical detector is preferably mounted on 

30 a flexible support. 
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The optical fibre means used in any one of the above described embodiments 
can comprise one of different existing types of fibres differing in modal type 
(single mode, multi mode) and the index (graded index, step index and hybrid). 
Besides these optical glass fibres, there are plastic optical fibres, which have 
5 some advantages in comparison with single-mode and multi-mode glass fibres. 
The higher optical loss of plastic optical fibres, which is considered as a disad- 
vantage in their normal use, constitutes a major advantage for the present 
invention. In fact the higher optical loss leads to a higher overall energy loss in 
the fibre and thus to a better output signal. In addition, due to the better ductility 
10 of plastic fibres compared to glass fibres, the mechanical characteristics are 
better suited for the use according to the present invention. Further advantages 
of plastic fibres compared to glass fibres are the lower price and the simplicity of 
coupling of the plastic fibres. It follows that said optical fibre means preferably 
comprises plastic optical fibres. 

15 Rather then expensive laser sources, the light-emitting device advantageously 
comprises a low cost Light Emitting Diode. It may for instance be an LED diode 
working in 850 nm wavelength. The light detecting means can e.g. comprise a 
low price PiN diode. In short, the present invention permits the use of low 
quality fibre and low quality input and output devices, which at lower production 

20 costs lead to an increased overall loss and a better sensor response. 

It has to be noted, that a device according to the present invention preferably 
comprises means for generating a signal indicative of the detected occupancy 
state of the seat. This signal can then be supplied to a control of a secondary 
restraint system of a vehicle. Alternatively, the device could be used in the 
25 control of a seat heating of a vehicle seat, whereby the seat heating is deacti- 
vated when no passenger is present on the seat 

For these applications, said optical fibre means could be woven into a seat 
cover of said seat or sewed onto a seat cover of said seat. Alternatively, the 
optical fibre means could be moulded directly into the foam of the seat. Due to 
30 its small lateral dimensions, the optical fibre means does not cover a noticeable 
part of the surface seat even if the fibre extends over the surface in a plurality of 



WO 02/14100 



PCT/EP01/09288 



9 

narrow turns. It follows that the sensing device does not constitute a moisture 
banier, as other state of the art sensors tend to be. Vapour produced by the 
passenger can still easily be evacuated downwards through the seat. Further- 
more, the optical fibre is not tactile in the seat upholstery, so that the seating 
5 comfort of the seat is not at all disturbed by the presence of the sensing device. 

Optical fibres do not degrade with increasing age and the optical properties of 
the optical fibre device will not alter during the lifetime of a vehicle. Therefore, 
no ageing problem has to be considered with a detecting device of the present 
invention. Other major advantage of the detecting device of the present inven- 
10 tion is the above-described independence of the environmental conditions. 

Detailed description with respect to the figures 

The present invention will be more apparent from the following description of 
two not limiting embodiments with reference to the attached drawings, wherein 

Fig. 1 : represents a first embodiment of a device for sensing seat occupancy; 
Fig.2: represents a different embodiment of the optical fibre means. 

15 Fig. 1 shows a first embodiment of a device 10 for detecting seat occupancy. It 
comprises an optical fibre means 12, which extends at least partially over a 
seating surface 14 of a seat, and a detecting device 16, for detecting a loss of 
optical energy in the optical fibre means 12. 

The optical fibre means 12 comprises a spliced optical fibre 18 with a plurality of 
20 optical fibre portions 20 assembled in series. The optical fibre 18 extends over 
the seating surface 14 in several meanders, so that the fibre portions 20 are 
arranged in several rows 22 interconnected by bend fibre portions 24. Thus, the 
different straight fibre portions are arranged at well-defined positions in a grid- 
like or matrix-like pattern. 

25 Each of these fibre portions 20 constitutes an active sensing element, so that 
the detecting device comprises a plurality of active sensing elements, which are 
distributed in a predetermined manner over the seating surface. It has to be 
noted that the regular distribution of the fibre portions does only serve for 
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illustration purposes. Depending on the desired resolution of the detector and 
the design of the seat, specific areas of the seating surfaces can be equipped 
with more active elements than other areas. 

The end portions of the optical fibre 18 are connected to a connecting port 26 of 
5 the detecting device 16. This detecting device 16 further comprises a means 28 
for detecting a loss of optical energy in each of said optical fibre portions 20. In 
a most preferred embodiment, this means 28 is an optical time domain reflec- 
tometer based device, which is able to detect the amount of attenuation of 
optical energy in each of the different fibre portions. 

10 If the seat is not occupied by a passenger, each fibre portion 20 has a specific 
attenuation property, which can be measured once the optical fibre 18 is 
mounted on the seat. When the seat is occupied, at least some of the optical 
fibre portions 20 are bend due to the pressure exerted by the passenger on the 
seat upholstery. 

15 The bend fibre portions have a higher attenuation factor, the difference being 
proportional to the amount of bending of the fibre. The optical time domain 
reflectometer based device, which determines the amount of optical loss in 
each of the fibre portions, can compare the measured values to those of a non- 
occupied seat and determine the amount of bending of each of the optical fibre 

20 portions. In other words, the optical time domain reflectometer based device 
records a seating profile, which indicates how much pressure is exerted on 
each sensing area of the seat. By means of an interface 30, this seating profile 
can be transferred to a control of a secondary restraint system for controlling 
e.g. an airbag according to the current occupancy status of the seat. 

25 Fig. 2 shows an other embodiment of an optical fibre means 12. This optical 
fibre means comprises a first optical fibre 32 and a second optical fibre 34. The 
first and second optical fibres are arranged in series, so that a first end portion 
36 of said first optical fibre 32 and a first end portion 38 of said second optical 
fibre 34 are coaxially aligned when nor force is exerted on the device. The end 

30 portions of the two fibres are preferably arranged on a supporting element 40 by 
means of supporting blocks. The end portion 36 of the first fibre 32 is mounted 



WO 02/14100 



PCT/EP01/09288 



11 

on the supporting element 40 by means of an rigid supporting block 42, while 
the end portion 38 of the second fibre 34 is mounted on the supporting element 
40 by means of an elastic supporting block 44. 

If a force (shown by arrow 46) is exerted on the junction between the two fibre 
5 end portions, the elastic supporting block 44 with the second fibre 34 mounted 
thereon will be compressed while the rigid supporting block 42 will remain its 
form. It follows that the two end portions will be displaced with respect to each 
other, the displacement 48 being depending on the amount of force. The two 
fibres are no longer coaxial and the energy losses at the junction between the 
10 two fibres substantially increases. The larger the displacement is, the higher is 
the increase of energy loss in the boundary between the two fibres. Accordingly 
the force acting on the fibre end portions can be evaluated by measuring the 
energy loss due to a displacement of the two fibres. 
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Claims 

1 . Device for sensing occupancy of a seat, comprising at least one optical fibre 
means, said optical fibre means extending over at least a part of a seating 
surface of said seat, and detecting means for detecting a loss of optical en- 
ergy in said optical fibre means. 

5 2. Device according to claim 1, wherein said optical fibre means comprises at 
least one optical fibre, said optical fibre extending at least over a part of said 
seating surface, so that said optical fibre is deformed when said seat is oc- 
cupied by a passenger, and wherein said detecting means comprises 
means for detecting a loss of optical energy in said fibre due to a deforma- 
10 tion of said fibre. 

3. Device according to claim 2, wherein said optical fibre comprises at least 
two optical fibre portions, said optical fibre portions being assembled in se- 
ries, and wherein said detecting means comprises means for detecting a 
loss of optical energy in each of said optical fibre portions. 

15 4. Device according to claim 1, wherein said optical fibre means comprises a 
first optical fibre and a second optical fibre, said first and second optical fi- 
bre being arranged in series, so that a first end portion of said first optical 
fibre and a first end portion of said second optical fibre are coaxially aligned 
in a sensing area of said seating surface, and wherein said detecting means 

20 comprises means for detecting a loss of optical energy in said optical fibre 
means due to a displacement between said end portions of said first and 
second optical fibre. 

5. Device according to claim 4, wherein at least one of said coaxially aligned 
end portions of said first and second optical fibre is mounted on a flexible 

25 support. 

6. Device according to any one of the preceding claims, characterised in that 
said detecting means comprises an optical time domain reflectometer. 
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7. Device for sensing occupancy of a seat, comprising at least one optical fibre 
means, said optical fibre having a distal end extending towards a sensing 
area of said seating surface of said seat, said distal end being arranged in 
front of an entrance window of an optical detector, and detecting means for 

5 detecting a loss of optical energy transmitted by said optical fibre towards 
said optical detector. 

8. Device according to claim 7, wherein at least one of said distal end of said 
fibre means or said optical detector is mounted on a flexible support. 

9. Device according to any one of the preceding claims, wherein said optical 
1 0 fibre means comprises plastic optical fibres. 

10. Vehicle seat comprising a device according to any one of claims 1 to 8. 

11. Vehicle seat according to claim 10, wherein said optical fibre means is 
woven into a seat cover of said seat. 

12. Vehicle seat according to claim 10, wherein said optical fibre means is 
1 5 sewed on a seat cover of said seat. 

13. Use of the device according to any one of claims 1 to 8 in the control of a 
secondary restraint system of a vehicle. 

14. Use of the device according to any one of claims 1 to 8 in the control of a 
seat heating of a vehicle seat. 
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